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ABSTRACT

Canker diseases of Leyland cypress, x Cupressocyparis leylandii(A.B. Jacks. &
Dallim.) Dallimore, caused by Seiridium unicome(Cooke & Ellis) Sutton and

Botryosphaeria dothidea (Moug.: Fr.) Ces.& De Not. are becoming common in the
Southeast. Symptoms include cankers, resinosis, and branch dieback. Little is known
about which pathogen is more prevalent in Tennessee and if canker diseases may be
influenced by site parameters or environmental conditions. Canker development is
thought to be increased when plants are predisposed to moisture stress. Drought stress is
thought to significantly influence canker development compared to flooding stress. The
objectives of this research were to: 1) determine which pathogen is more prevalent at
various sites across Tennessee, 2)determine if site factors were correlated with pathogens

found on site, 3) determine if predisposing Leyland cypress to moisture stress intensified

susceptibility to Seiridium or Botryosphaeria,4)determine if pathogens affected growth
of trees inoculated, and 5)compare the pathogenicity of Seiridium and Botryosphaeria
species.

Leyland cypress samples were collected at 17 sites throughout Tennessee.
Symptomatic branches were collected, placed in moisture chambers, and fungi isolated
were identified using light microscopy. S. unicome was the only species of Seiridium
found in Tennessee. 5. unicome was isolated more frequently on diseased Leyland
cypress than B. dothidea.

Tree and site characteristic data including diameter at breast height(DBH), soil

in

pH, tree height, tree spacing, slope, available water, and overall appearance of tree were
recorded. Although site slope(R = 0.0345), tree spacing (7? = 0.0393), and DBH(R =
0.0059) were correlated with isolation of 5. unicome {P = 0.05), the relationship was not

strong. No other site factors (available water, height, pH, and disease scale) had a
significant correlation with isolation of S. unicome. Soil pH was correlated with isolation
of B. dothidea(R = 0.0180,P = 0.05). The relationship was not strong, therefore

additional research should be completed before proper conclusions can be drawn
comparing site parameters and pathogen incidence on sites.

To determine if predisposition of moisture stress influenced canker development,
ninety Leyland cypress trees were purchased and predisposed to different stress regimens
(drought, normal, and flooding). Trees were inoculated with isolates of S. unicome or B.
dothidea. Trees were evaluated for eight weeks and data such as height, caliper, and

canker length (interior and exterior) were recorded. This experiment was completed twice
in greenhouses with a completely randomized design.
Seiridium unicome was found to be more virulent than B. dothidea on Leyland

cypress in this experiment. Interior canker length caused by S. unicome was longer than
B. dothidea. Trees inoculated with Seiridium spp. exhibited more branch dieback and
resinosis than Botryosphaeria spp. inoculated trees. B. dothidea in previous studies
caused similar symptoms on Leyland cypress as Seiridium species. Drought stress

significantly increased Seiridium canker development whereas flooding stress did not
influence canker development. Moisture stress treatments did not significantly affect
plants inoculated with B. dothidea.
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CHAPTER I
LITERATURE REVIEW

Leyland cypress, x Cupressocyparis leylandii(A.B. Jacks, and Dallim.)Dallim.,
was discovered in 1888 by C.J. Leyland in southern Wales. It is a hybrid of two Pacific
Coast species, Monterey cypress {Cupressus macrocarpa Hartw. ex Gord.) and Alaska
cedar {Chamaecyparis nootkatensis(D. Don)Spach). The Institute of Forest Genetics in
Placerville, California introduced Leyland cypress into the United States in 1941

(Schoenike and Gaffney, 1989). The U.S. National Arboretum later introduced the tree
into the eastern United States in 1953(March, 1976). Today it is widely grown
throughout the southeast (Schoenike and Gaffney, 1989).

Leyland cypress is a popular ornamental evergreen in Tennessee used for
Christmas trees, quick growing screens, groupings, and hedges(Windham, 1997). It is a
tall tree with a narrow crown and full body. It is fast growing and has been reported in
England to reach 7 m in 10 years and 29 to 35 m in 50 to 60 years. It is suggested that

Leyland cypress can reach up to 42 m in height and 1.32 m in diameter (Mitchell, 1979).
On most sites in the southern United States, it should grow .76 -.91m per year for at
least 12 years. Full sun is recommended for optimum growth. A tree planted in shade will

have a considerable slower growth rate. Leyland cypress can be grown without fertilizers,
but soil amendments and fertilizers are recommended for lush growth and fast growing
trees (Schoenike and Gaffney, 1989).

Leyland cypress resembles its Alaska cedar parent rather than its Monterey
cypress parent. Foliage color ranges from medium green to blue-green on compact
1

branches. Older shoots are dark red or red-brown and the younger shoots are green.

Leyland cypress has flattened branchlets, tiny leaves with scale-like, pointed edges and
faint stomatal lines (Dallimore and Jackson, 1966).

Cones and seeds are rare and when produced resemble the Monterey cypress

parent. Mature cones are globose, 1.27-2.54 cm in diameter, brown/gray in color, with
eight scales with small bosses, and five seeds per scale. Seeds ripen in the second year,
but are not viable (Dallimore and Jackson, 1966). Both sexes of flowers are found on the
same tree (Hart and Raymond, 1973).

Reproduction of Leyland cypress must be achieved by vegetation propagation.

Rooting stem cuttings is the most popular method of propagation. Additional methods of
propagation include grafting and micro propagation by tissue culture techniques.
(Schoenike and Gaffney, 1989).

Leyland cypress is a member of the Cupressaceae or Cypress family. Other
members in this family include common cypress(Cupressus sempervirens L.), Patagonian
cypress (Fitzroya cupressoides(Mol.)I.M. Johnston), prickley cypress (Juniperus
fomiosana Hay), and bookleaf cypress(Thuja orientalis L.). It is a common

misconception that Leyland cypress is in the same family as bald cypress(Taxodium
distichum (L.) Rich.)(Jacobson, 1996).

Leyland cypress can be grown in many parts of the United States. It has a plant
hardiness rating of 6-10 on the USDA Hardiness Zone Map and can tolerate temperatures
-23 °C (-8° F)(Dirr, 1990).

Leyland cypress is not considered a long-term investment(10 to 20 years) due to

frequent problems with canker diseases. It can grow rapidly in reasonably fertile, moist,
well-drained soil (Dirr, 1990). However, the tree has often been over planted on sites
where it is not maintained or to which it is not adapted. Trees, when exposed to prolonged

drought or extreme cold, are predisposed to attack by stress-induced plant diseases
(Hagan, 1996). Infection and disease development are commonly associated to
environmental factors such as water stress (Gilbert and De Steven, 1996).

Seiridium canker, also known as Coryneum or Monochaetia canker, is the most

important and damaging disease on Leyland cypress (Williams and Windham, 2001). It
was first described on Monterey cypress in California in the mid-1920s. By the 1940s,

stands of this tree, which are adapted to a maritime climate, were decimated on dry and

hot inland sites by a canker disease caused by Seiridium cardinale(W. Wagner)Sutton
and 1. Gibson. By the mid-1980s, this same disease was found in California on Leyland

cypress. Since the early 1990s, Seiridium canker diseases have been reported across the
Southeast on Leyland cypress(Hagan, 1996).

Seiridium is member of Deuteromycotina. It is a Coelomycete and is in the order
Melanconiales. Conidia are septate and appendaged or non-appendaged with one or more
conidial cells darkened (Sutton, 1980). This group of fungi also includes genera such as

Pestalotiopsis (Steyart) Sutton and Pestalotia (de Not.) Sutton (Viljoen et al., 1993).

Symptoms of Seiridium canker include cankers on stems, branches, and in branch
axils causing dieback of leading and lateral shoots. Twig dieback has also been observed
with a gray discoloration at the point of infection. Major diagnostic features include

resinosis from cracks in the bark, dark brown to purplish patches on the bark, sunken

patches with raised margins and yellow to brown discoloration of foliage above the canker
(Jones et al., 1993). The pathogen infects branches where it kills the tissue down to the
cambium. Young as well as older branches are eventually girdled. Death beyond the
cankers is inevitable (Swart, 1973).

Seiridium canker does not kill trees with a single canker girdling.the branch.
Numerous thin cankers surround the branch and cut off water flow. Infected trees appear

to be thinly branched and decline begins in the interior and moves outward. The lower
branches of the tree show symptoms first. The peak time of year for Seiridium canker

occurrence is May to October, but it may occur year round (Williams and Windham,

2001). Dying may occur at any season, but it occurs frequently in the spring at the time
when the period of rapid growth of the host normally begins and transpiration losses
increase with warmer and longer days(Wagener, 1939). In nursery situations, trees

ranging in size from liners up to 1 gal containers have reportedly been infected with
Seiridium canker(Williams and Windham,2001). Trees of various ages and sizes may be
attacked, but resin flow is more common on young, fast growing trees(Wagener, 1939).

Disease progression, following primary establishment on a tree, is influenced by a
number of factors such as size and age of the tree, growth characteristics, site quality,

climatic conditions, relative position of primary infections, and general incidence of the

disease in the neighborhood. On large trees, a gradual pyramiding in number of infections

usually takes place. The length of time required to kill a tree is variable among age and
size of tree. A stem canker on a young specimen two or three years old may bring about

death within a year, while a five year old tree with a canker in a similar position requires
several years to cause death. Large trees may require no less that five years but up to
twelve years to cause death (Wagener, 1939).

Considerable controversy in number of Seiridium species involved has existed
since Cuba (1961), Boesewinkel (1983), and Graniti (1986)reported that Seiridium

cupressi(Cuba)Boesewinkel, also caused cypress canker. Swart(1973) and Viljoen et
al.(1993)reported that only one variable species of S. cardinale occurs, while Sutton

(1980) and Chou (1989)suggested two species, 5. cardinale and 5. unicome(Cooke and
Ellis) Sutton (telemorph - Lepteutypa cupressi (Nattrass, C. Booth, and Sutton) H.J
Swart), are associated with Seiridium canker.

The number of species causing Seiridium canker is undecided and attributed to

reports that both appendaged and non-appendaged species of Seiridium have been found
associated with cankers on adjacent or even the same tree. To add to the confusion, both
conidial forms have been found in single acervuli on cankers. This has lead to doubt that

the validity of distinguishing the species associated with cypress canker based on conidial

morphology (Viljoen et al, 1993). Viljoen et al.(1993) studied the variable first internal
transcribed spacer region of the ribosomal RNA genes, and concluded a single species of
Seiridium, of variable morphology, is associated with cypress canker.

An experiment completed by Xenopoulos(1991)suggests that Seiridium unicome
is less virulent than either S. cardinale or S. cupressi. These two fungal species caused

more damage on cypress clones than S. unicome in completed tests (Xenopoulos, 1991).
S. unicome and S. cupressi have been implicated in causing canker and dieback diseases in

juniper and cypress (Hagan, 1996). Although 5. cardinale has been the most common

species associated with cankers on Leyland cypress, only S. unicome has been identified in
Tennessee(Windham et al., 1996).

Seiridium cardinale has a host range that appears to be confined to Cupressaceae.

The conidia are described as 21-26 x 8-10.5 [im. They lack characteristic appendages of
S. unicome, and the basal cell occasionally has a short appendage l|im long (Sutton and

Gibson, 1972). Conidia are straight or occasionally crescent shaped. Cultures are soft

floccose, shading from dull at the margins through a light and over green to deep and over

green or grayish olive in the center. The reverse is described as capucine buff, with
shading to xanthine orange or argus brown. Diameter of culture normally attains 31 mm

in six days at 26°C. After two weeks, black slimy masses are produced in the center of
the colony (Boesewinkel, 1983).

Light exposure, temperature, and nutrition all affect colony coloration. Growth at
controlled temperatures is greatest at 26°C, slight growth occurs at 6 C, but none at

35°C. Cultures grown at higher temperatures are lighter in color on the surface and have
more pronounced xanthine orange color than colonies grown at low temperatures.
Cultures held in darkness are more pale than those exposed to light. With proper

moisture, the conidia germinate at all temperatures between 10 C and 27 C(Wagener,
1939).

Seiridium cardinale forms conidia sparingly in culture on ordinary media and some

strains may remain sterile. Spore formation is usually not initiated until a substantial loss
of moisture has occurred. The spores appear in small isolated black masses under a

matted layer of surface mycelium or shallowly immersed in the agar substratum where the
latter is thin, as around the edges of a slant(Wagener, 1939).

Spore production in nature appears to be governed by humidity and temperature.
Formation of conidia may be induced at will by placing acervulus bearing cankers in
moisture chambers. Normally under dry conditions the spores form a thin layer or crust
within the acervulus. In a moisture chamber, the rapid production of spores results in their
extrusion from the acervulus in a cushion-shaped mass or in columns(Wagener, 1939).
Seiridium unicome infects plants in the Anacardiaceae, Araliaceae,

Caprifoliaceae, Cupressaceae, Hamamelidaceae, Rubiaceae, Tamariaceae and Vitaceae
families (Boesewinkel, 1983). S. unicome possess conidia that are straight or crescent

shaped, 25-27 x 7.5-8.5 |im. The intermediate colored cells are usually 17-23^im and the
appendages 5-12li.m long. The apical appendage is frequently at nearly right angles to the
main axis of the conidium. Cultures have an olive green variation with little aerial

mycelium growth without sectoring. An inverted culture shows similar green colors with
a slightly darker striate growth pattern. Culture diameter attains 18 mm after six days at
26° C in a dark incubator. Black slimy conidial masses develop in center of colony after
about a week (Boesewinkel, 1983).

Seiridium unicome produces conidia in shallow pycnidial structures on the

infected periderm five to eight weeks after the bark dies and are extruded in slimy

droplets. Conidia range in length from 20-30 p,m and have a small, pointed, unbranched
hyaline appendage on each end, although the basal appendage may be missing. Conidia
have four brown central cells between paler apical and basal cells. Conidia may be

dispersed in water droplets, by insects (Hansen and Lewis, 1997), on pruning tools, or by
transportation of seed and nursery stock of infected cypress (Schoenike and Gaffney,
1989).

A previously used synonym for S. uniconie was Monochaetia unicomis(Cooke
and Ellis) Sacc.(Hansen and Lewis, 1997). The sexual stage (telemorph) of 5. unicome is
classified as Lepteutypa cupressi (Nattrass et al.) Swart, formerly known as

Rhynchosphaeria cupressi(Nattrass) Booth and Sutton (Swart, 1973).
The known host range of Seiridium cupressi is restricted to Cupressaceae

(Boesewinkel, 1983). The conidia measures 22-32 x 6.5-9.5 [Xm with dark intermediate

cells 19-27 lim long and thus longer that those of S. unicome (Cuba,1961). Appendages
of S. cupressi are rarely at right angels; instead they follow the curve of the conidia.
Cultures of 5. cupressi are mainly white when grown in darkness and salmon to apricot

with gray aerial mycelium and the reverse. They are usually uniform or occasionally have
a lobed growth pattern. Diameter of cultures attains 13 mm after six days at 26 C.
Conidia appear after about two weeks in the center or in the rings near the margin of agar
plates of tufts of mycelium (Boesewinkel, 1983).

Botryosphaeria canker, Botryosphaeria dothidea (Moug.: Fr.) Ces.and De Not.
(Fusicoccum sp.j and B. ribis Gross and Duggar(Botryodiplodia sp.j, is found
worldwide, affecting a wide variety of plants including fruit trees, vines, and almost every

shade tree and woody ornamental (Hagan, 1999). Some authors consider B. dothidea and
B. ribis to be synonymous to one another(Wiehe, 1952; Witcher and Clayton, 1963;

English et al., 1975; Kliejunas, 1976; Spiers, 1977; Weaver, 1979; Sutton, 1980; Brown
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and Hendrix, 1981; Hodges, 1983; Maas and Uecker, 1984; Pennycook and Samuels,
1985; Pusey et a!., 1986; Brown and Britton, 1986; Michailides, 1991) while others

believe the species are completely different(Smith, 1934; Punithalingham and Holliday,
1973; Morgan-Jones and White, 1987; Fart et al., 1989; Ramos, 1991).
The genus Botryosphaeria is an ascomycete and member of Botryosphaeriaceae.
The asci are bitunicate and the pseudothecial ascocarps help to place Botryosphaeria in
the subclass Loculoascomycetes (Funk, 1964). Previously the fungus had been classified
in the Pleosporales, but now is classified in Dothideales.

Botryosphaeria dothidea has undergone a number of name changes. De Cesaati
and de Notaris established the genus Botryosphaeria with B. dothidea among the nine

species listed, von Arx and Muller summarized B. ribis and B. dothidea to be
synonymous in the reclassification of amerosporus Pyrenomycetes. B. dothidea is

gradually being accepted since the reclassification (Brown and Britton, 1986).
Isolation of Botryosphaeria species is relatively easy with proper techniques. The

fungi are heat-sensitive and are killed if the host tissue of the surface is flamed. Surface
sterilization with 0.5% sodium hypochlorite, 10% ethanol, or Radas solution (mercuric

chloride) has provided the best results. Incubation under flourescent lights for two weeks
is required for sporulation on potato dextrose agar at room temperature (21-25°C)
(Brown and Britton, 1986).

Botryosphaeria dothidea is usually identified in its anamorphic state, Fusicoccum
aesculi Corda (Sinclair et al., 1987). The controversy between anamorph / telemorph
connection with Fusicoccum and B. ribis results from variation of mycelial and conidial

morphology under different growth conditions and different stages, the rarity of
telemorphic stages, pantrophic distribution, and their ability to cause disease on a wide
variety of hosts. These anamorphs share many like characteristics with the Fusicoccum
and Dothiorella Sacc. anamorphs of B. dothidea (Rayachhetry et al., 1996). When

morphological comparisons as well as serological test were performed between
Dothiorella and B. dothidea, the two appeared nearly identical, even when grown on a

variety of media (English et al., 1975). Some authors consider B. ribis to have an

anamorph belonging to Dothiorella (Smith, 1934; Wolf and Wolf, 1939; Smith and
Fergus, 1971; Anahosur and Fazalnoor, 1972) while others believe it has an anamorph in
Fusicoccum (Punithalingam and Holliday, 1973; Morgan-Jones and White, 1987). The
telemorphs of Botryosphaeria species are rarely encountered in nature, and telemorphic
characters vary little among species. Taxonomy of the group is primarily based on

anamorphic characteristics (Jacobs and Rehner, 1998), although this method is also
unreliable due to fruiting structures of two to three Botryosphaeria species have been
found together on a single host(Brown and Britton, 1986).

The pycnidia of B. dothidea on host tissue are subperidermal, erumpent, solitary,
(0.5-1.0 mm in diameter), or loosely aggregated in small superficial stromata (1.0-3.0 mm
diameter), and exude cirrhi at maturity. The outer wall is thick and composed of dark,

irregular textura angularis, the cells becoming smaller, flattened, and hyaline toward the
interior of the pycnidium. Conidiophores are usually hyaline, occasionally branched,

septate or aseptate, and line the pycnidial cavity. Conidiogenous cells are hyaline and
appear to produce a single apical conidium. Macroconidia are holoblastic, aseptate,
10

hyaline, fusoid, apex obtuse, with a truncate base, and measure 5.8 (4-10) x 26.3 (20-30)

[im. Conidia normally form one or two septations at germination and produce a germ
tube from each cell. Microconidia are infrequent, hyaline, one-celled, oblong, and

measure 1.0-1.5 x 2.5-4.0 flm (Brooks and Ferrin, 1994).
Colonies of B. dothidea grown on potato dextrose agar are usually whitish and

floccose, eventually becoming greenish-gray to gray-black. Aerial hyphae remain thin

(1.0-2.0 |im wide) and hyaline. The immersed mycelium will become melanized and 4.07.4|im wide forming dense mats in which the pycnidium is formed. Conidiamata are
scattered, solitary, or in botryose clusters and are partially immersed,forming in 7-9 days

and maturing in 12-16 days. Single pycnidia are normally 0.5-1.0 mm in diameter and
clusters are normally 1.0-2.0 mm in diameter, with 2-9 locules(Brooks and Ferrin, 1994).

Symptoms of Botryosphaeria canker include branch dieback and sunken and
sometimes resinous cankers along branches and main stems. The cankers on twig or
branch stubs or at wound sites enlarge rapidly and can girdle the branch or stem killing the
tree. Cambial tissue beneath the canker is discolored dark brown and the border between

healthy and infected tissue is clearly delimited. Often the first indication of the disease is
the rusty-reddish brown color of infected branches following infection. Peak occurrence

of Botryosphaeria canker is expected from April to July (Williams and Windham,2001).
Infection most likely takes place during wet, humid weather during late spring and

early summer when conidia of Fusicoccum sp. and Botryodiplodia sp. are produced and
washed down from tree to tree or branch to branch by rain and irrigation water(Williams

and Windham,2001). The conidial state of B. dothidea is characterized by black pycnidial
11

stromata that differentiate beneath the surface of killed bark and break through at

maturity. Stromata can be 1-4 ^m in length and may vary in shape. Each contains one to

several pycnidial cavities with colorless contents that appear white when sliced. Pycnidial
stromata develop within days to weeks after diseased tissue dies (Sinclair et al., 1987).
Environmental stress, especially drought stress (Williams and Windham,2001),

may predispose plants to infection. Seiridium canker as well as Botryosphaeria canker
have been associated with prolonged subfreezing temperatures (Tisserat et al., 1991) or

high temperatures with little rainfall (Strouts, 1973). Cultural stress such as inadequate
irrigation, excess fertilization, and major pruning to large trees increases chances of
infection (Williams and Windham, 2001).

In order for disease to occur, a pathogen and a susceptible host must come in

contact. Pathogens may enter plant surfaces through stomates and lenticels, wounds

caused by insects and wind, or branch stubs and leaf scars. The most common causes of
stress associated with disease outbreak are drought, water stress, or freezing stress
(Schoeneweiss, 1981).

Madar et al.(1989)found that canker development by Diplodia pinea f.sp.

cupressi(Desmaz.)J. Kickx fil. significantly increased in field and greenhouse conditions

only when plants were exposed to extreme stress conditions. In contrast, the expansion of
cankers caused by S. cardinale under field conditions was remarkably limited.

Pusey(1989)exposed peach trees to water stress in Georgia and then inoculated
them with B. dothidea. This resulted in a greater number of gum exudation sites, lesions,

and a greater percentage of bark necrosis than non-stressed trees. Multiple tests indicated
12

that stressing plants and inoculating simultaneously was not related to disease
development. Schoeneweiss (1981) wound inoculated a variety of trees with B. dothidea.
The results indicated that the level of drought stress severity, measured by plant water

potential must exceed a threshold level of approximately -12 to -13 bars of atmospheres
(1 bar = .987 atm) before stems become susceptible to attack. Plants stressed at less
severe levels and inoculated remained resistant for over three weeks. All tree and shrub

species studied thus far indicate the threshold for water stress at which stems become

susceptible to canker fungi is less negative than the level that causes wilting. Therefore,
by the time a tree shows sign of wilting, it may already become predisposed to fungal
attack (Schoeneweiss, 1981). Wene (1979)found that water potentials of several trees

and shrubs are required to exceed the threshold level for at least three days before stems

will become predisposed to attack by pathogens. Therefore predisposing trees to attack by
pathogens involves a combination of level or severity of moisture stress and duration of
exposure (Schoeneweiss, 1981).

Flooding and excess water stress, although not injurious directly, may produce a

secondary, oxygen-deficient strain. This in turn, may restrict root growth, resulting in an
accumulation of toxic metabolites which interfere with defense reactions of the host

(Stolzy et al., 1965). Reduced soil aeration often inhibits water and nutrition uptake and
may produce stresses similar to drought or physical root damage, resulting in wilting and
chlorosis (Levitt, 1972), and increased disease susceptibility (Stolzy et al., 1965).
Control methods used to manage infection of canker diseases on Leyland cypress

include pruning of infected branches below cankers immediately upon detection of disease
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and reducing plant wounds and injuries. Container grown plants should be placed in over
wintering houses to protect them from cold injury. Special care should be taken not to
take cuttings from infected material, and all infected material should be removed and

destroyed as soon as it is discovered (Williams and Windham, 2001). Proper sanitation
practices are a good defense against canker diseases. All containers, tools, and other
equipment should be cleaned prior to each production cycle. Leyland cypress can grow to
be large trees, therefore close spacing of screens and hedges should be avoided (Hagan,
1996).

Cypress canker caused by Seiridium cardinale can possibly be controlled by

benomyl [Methyl l-(butylearbamoyl)-2-bezimidazolecarbamate] and ehlorothalonil

(tetrachloroisophthalonitrile)(McCain, 1984; Sigma-Aldrich Co., 2001). As of October
1999, no fungicides have officially been recommended for control of Seiridium and

Botryosphaeria cankers on Leyland cypress(Hagan, 1999). Pathogens are normally
present within plant tissues at the time stress occurs, therefore the application of
preventative fungicides is not likely to give effective control (Schoeneweiss, 1981).
None of the Leyland cypress eultivars currently available in nurseries are resistant
to canker diseases. Some ornamental tree species that are thought to be resistant to
Seiridium canker include Arborvitae (Thuja occidentalis L.), Japanese cedar(Cryptomeria

japonica (L.f.) D.Don.), Lawson cypress(Chamaecyparis lawsoniana(A. Murr.)Park),
and Sierra juniper (Juniperus occidentalis Hook.). Approximately twelve other evergreen
species have partial resistance to Seiridium canker(Hagan, 1999).

14

Sandrock (1999) determined that Atlantic white cedar(Chamaecyparis thyoides
L.) are just as susceptible as Leyland cypress to Seiridium and Botryosphaeria spp. based

on an eight week study. Further research may conclude that the slow growing dwarf
Atlantic white cedar may have an increased resistance to these weak pathogens.
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CHAPTER II

ISOLATION FREQUENCY OF SEIRIDIUM AND BOTRYOSPHAERIA
SPECIES ON LEYLAND CYPRESS IN TENNESSEE

INTRODUCTION

Since Leyland cypress, x Cupressocyparis leylandii(A.B. Jacks and Dallim.)
Daliim., was introduced into the eastern United States in 1953(March, 1976), it has

increased in popularity for use as a valuable, quick growing ornamental. Leyland cypress
may become infected with devastating canker diseases caused by Seiridium and
Botryosphaeria species. However, the relative prevalence of each of the diseases has not
been investigated in Tennessee.

The objectives of this study were to: 1) determine which pathogen is more
prevalent at various sites across Tennessee, and 2)determine if site factors were
correlated with pathogens found on site.
MATERIALS AND METHODS

Isolation: Seventeen sites with diseased Leyland cypress trees were chosen

throughout Tennessee (Table 2.1). Six trees with disease were chosen at each site and 15
cm branch segments with cankers were collected. Two segments were collected from
each tree. Segments were placed in moisture chambers, which consisted of 16.51 cm x
16

Table 2.1 Location of sites in Tennessee used to collect isolates of fungi associated with
Location #

City

Location

1.

1259 Lovell View

Knoxville

2.

Knoxville

3.

UT Nursery Compound
Neyland Dr.

4.

Downtown Public Park

Maryvilie

5.

Centennial High School
West TN Experiment Station
Rhodes College
Memphis City Zoo
Montague Park

Franklin

6.

Knoxville

Jackson

10.

Warner Park

11.

Bailey Street

12.

Interstate 24-East

13.
14.

Grady Dr.
Hideaway Farms Rd.

Memphis
Memphis
Chattanooga
Chattanooga
Chattanooga
Chattanooga
Johnson City
Piney Flats

15.

Old Fort Golf Course

Murfreesboro

16.

Franks Rd.

McMinnville

17.

Mars, Inc.

Cleveland

7.
8.
9.
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14.9 cm Ziploc bags(SC Johnson and Son, Inc.; Racine, WI)and paper towels moistened
with deionized distilled water, to initiate sporulation of pathogen. Cankers were inspected

for sporulation after one week. Spores were removed from pycnidia with sterilized

needles, placed on a wet mount slides, and identified using light microscopy. Cultures
were maintained in petri dishes on potato dextrose agar amended with chlortetracycline

hydrochloride and streptomycin sulfate (each at 20 mg/l)(PDA+). Cultures were sealed
with parafilm and placed under flourescent light at room temperature to induce
sporulation, which usually occurred within 10 to 14 days.

Site parameters. Site specific data including tree diameter at breast height(DBH),

soil pH, tree height, tree spacing, aspect of slope, available water, and overall appearance
of tree were recorded. Data collection procedures for parameters are described as
follows. DBH data were collected approximately 1.22 m above the soil interface of each
tree. In cases where the trunk of tree had multiple stems, the largest stem was chosen for

measurement. Soil samples around the base of each tree were obtained with a soil borer

(2 cm diameter). Samples were placed in a 16.51 cm x 14.9 cm Ziploc bags and marked
according to site and tree collected. An Agri-meter(Myron L Company; Carlsbad, CA)
was used to determine the pH of each sample. Ten grams of soil were measured and
mixed with 20 ml of distilled water. Samples were placed in a 150 ml beaker and allowed

to sit for 15 minutes before pH readings were taken. Tree height was measured using a

tape measure and rounded to the nearest cm. Tree spacing was measured from the center
of one tree to the center of the next tree. In cases where trees were not in a hedge row,

tree spacing data was not collected. Slope aspect was determined by first noticing if there
18

was a slope on each site, and then using a compass to determine to which cardinal
direction the slope is facing. Available water was recorded by determining if irrigation
heads or natural water sources were present near the trees at each site. Overall

appearance of the tree included monitoring of the tree to record color and appearance of
the tree. A disease severity scale was developed to rate amount of disease present on each
individual tree. Statistical analyses were conducted using the CORR procedure(SAS
Institute; Gary, NC).

Disease Scale:

0 = no disease apparent
1 = 1-5% diseased foliage
2 = 6-10% diseased foliage
3 = II-25% diseased foliage
4 = 26-50% diseased foliage
5 = 51-99% diseased foliage
6 = 100% diseased foliage

RESULTS

Isolation: Seiridium unicome was found to be the more prevalent pathogen

causing canker diseases on Leyland cypress (Figure 2.1) and was the only species of
Seiridium isolated. Sixteen of the 17 sites chosen in this experiment were found to have S.

unicome was present on at least one tree sampled. Botryosphaeria dothidea was found as
its anamorphic state (Fusicoccum aesculi) in 6 of the 17 sites tested. On all sites where B.
dothidea was isolated, S. unicome was also isolated to at least the same or a higher
percentage.
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Figure 2.1. Isolation of Seiridium and Botryosphaeria from diseased Leyland cypress at 17 sites in Tennessee. Six
trees were selected at each site, 2 cankers were collected from each tree.

Site parameters: Although site slope(R = 0.0345), tree spacing(R = 0.0393),
and DBH(R = 0.0059) were correlated with isolation of S. unicome(P = 0.05), the

relationships were not strong. No other site factors (available water, height, pH,and
disease scale) were correlated with isolation of S. unicome. Soil pH was correlated with
isolation of B. dothidea(R = 0.0180,P = 0.05).

DISCUSSION

Isolation: Seiridium and Botryosphaeria are both opportunistic pathogens that
are known to cause deadly cankers on Leyland cypress (Sinclair et al., 1987). This study
constitutes the first evaluation into which pathogen is more prevalent in Tennessee. S.
unicome was more common on diseased trees evaluated in this study, based on sampling
completed.

Seiridium cardinale is thought to be the most common species of Seiridium

causing canker diseases on Leyland cypress (Wagener, 1939; Tisserat et al., 1991) and
seems to be confined to western areas in North America (Sinclair et al., 1987). 5.

unicome was the only species of Seiridium found in Tennessee in this study. S. unicome

is also widely distributed throughout Kansas and Texas (Tisserat et al., 1991). Canker
diseases have been reported on Leyland cypress in North Carolina(Jones et al., 1993) and
Georgia (Sandrock et al., 1999)and are thought to be caused by S. unicome.
Site parameters: Tree spacing is a consideration that should be taken into

account when considering with Leyland cypress, whether in a hedge or plantation setting.
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Close plant spacing can increase plant moisture stress leading to an increased risk of
fungal-incited canker diseases. The influence of moisture stress on disease development
has been established on other species (Parker, 1961). The recommended planting intervals

are 4.6 - 6 m (Hagan, 1999). Spacing of experimental sites used ranged from .6 - 4.3 m.
The mean tree spacing of all sites combined equaled 1.94 m. This is well below the range
of recommended spacing. This parameter was found to be correlated with isolation of S.
unicome.

Wagener(1939) reported that Seiridium cankers are more common on young fast
growing trees. Hansen and Lewis(1997) disclosed that smaller or otherwise wounded
trees are susceptible to infection by Seiridium species causing cankers. A correlation with
tree DBH and disease incidence was found on trees infected with S. unicome. This may

signify that as the tree ages, the incidence of disease also increases. The larger the
diameter of a tree, the more surface area available for the pathogen to invade and the more

stress it is likely to have experienced. Where B. dothidea was recovered, disease
incidence was not correlated with tree DBH.

Aspect of slope was found to be correlated with sites in where Seiridium unicome

was isolated. The majority of the sites were on level landscapes. Trees on sloped
landscapes may be more likely to become drought stressed. Water run-off occurs very
rapidly on sloped landscapes causing plants to become water deficient and more
susceptible to canker-causing pathogens. Sloped landscapes within this study were

generally facing south. South facing slopes are warmer in the summer months, therefore
the soil is drier and drought stress is more likely to occur.
22

Leyland cypress are inclined to be healthier and have greater growth rates when
soil pH tests average between 6.0-6.5 compared to soils tested at 5.0-5.5 (Schoenike and
Gaffney, 1989). The range of pH at the sites used was 4.1-7.3. The mean average pH for
the sites tested was 6.3. This parameter was found to be correlated with sites where B.
dothidea was isolated, but not those in which S. unicome was isolated.

Site aspect of slope, tree spacing, and DBH were found to be weakly correlated
with sites in which S. unicome was isolated. Soil pH was found to be weakly correlated
with sites in which B. dothidea was isolated. The relationships were not strong, therefore

additional research should be completed before proper conclusions can be drawn

comparing site parameters and pathogen incidence on sites.
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CHAPTER III

PATHOGENICITY OF SEIRIDIUM AND BOTRYOSPHAERIA ON
LEYLAND

CYPRESS PREDISPOSED TO WATER STRESS

INTRODUCTION

Once a plant has been exposed to a stressful condition, it may be more susceptible
to pathogens that enter through wounds and natural openings. Environmental stress,
especially drought stress (Williams and Windham, 2001), may predispose plants to
infection by canker-causing pathogens like Seiridium and Botryosphaeria species.
Seiridium and Botryosphaeria cankers have also been associated with prolonged

subfreezing temperatures (Tisserat et al., 1991) and high temperatures that coincide with
little rainfall (Strouts, 1973). The predisposing factor of moisture stress is thought to be
associated with canker diseases on Leyland cypress. Moisture stress has been shown to

enhance disease development among many plant species (Parker, 1961) and is thought to
be the predisposing factor associated with canker diseases on Leyland cypress.
Sandrock et al.(1999)inoculated Atlantic white cedar {Chamaecyparis thyoides

L.) with Seiridium and Botryosphaeria spp. prior to initiating water stress. Results
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concluded that interior and exterior canker length formation were greater for plants

inoculated with Seiridium sp. compared to those inoculated with Botryosphaeria species.

The objeetives of this study were to: 1) determine if predisposing Leyland cypress

to both drought and flooding moisture stress influenced susceptibility to Seiridium sp. and

Botryosphaeria sp., 2)determine if pathogens affected growth of inoculated trees, and 3)
compare the pathogenicity of Seiridium and Botryosphaeria species.

MATERIALS AND METHODS

Isolates: Three isolates of Seiridium unicorne and two isolates of Botryosphaeria

dothidea were isolated from diseased branches and were used to inoculate Leyland
cypress trees (Table 3.1).

Predisposition to stress: Ninety Leyland cypress trees in Classic 300-S

containers (Nursery Supplies, Inc.; Orange, CA)were purchased from Kinsey Garden

Center(Knoxville, TN). All containers were top-dressed with 20 g Scotts Osmocote 1414-14(N 14 - 8.2% ammoniacal nitrogen, 5.8% nitrate nitrogen; P- 14 available

phosphate; K - 14 soluble potash) around the base of each plant and moved into the
greenhouse on 1/30/2001. Thirty trees were chosen at random and labeled for exposure
to receive drought and flooding treatments, or as a control. Five replications of each
isolate were used with each moisture treatment. The influence of water stress was

investigated in each of two separate experimental runs:(4/24/2001 - 5/23/2001) and
(7/21/2001 -7/17/2001).
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Table 3.1 Species, location, and date isolates were obtained.
Species

Isolate number Isolation location

Seiridium uniconie

11-2

Bailey St., Chattanooga, TN

Seiridium unicome

17-2

Mars,Inc., Cleveland, TN
Mars, Inc., Cleveland, TN

Seiridium unicome

17-3

Botryosphaeria dothidea
Botryosphaeria dothidea

10-2
10-3

Isolation date

Warner Park, Chattanooga, TN
Warner Park, Chattanooga, TN

26

07/21/00
02/19/01

02/19/01
07/27/00
06/30/00

Two stress conditions were induced. Short-term flooding stress, which was not

intended to lead to tree death, was simulated by placing a drain pan under each pot and

filling the pan with water. Trees were left standing in water for five days, and permitted to
dry out two days. Preliminary tests using non-experimental Leyland cypress trees were
conducted to determine how many days water could be withheld from plants to assure that

they were subjected to mild to moderate drought stress but were not in danger of being

killed. Drought stress (shoot water potential, Y)was measured using a Plant Water
Stress Console 3000 Series, Model 305 (Soil Moisture Equipment Corporation; Santa

Barbara, CA). Based on these tests, plants in the drought treatment were subjected to five

4 to 7 day drought episodes. To quantify effect of drought episodes on plants, shoot

water potential(Y)was measured on 10 plants from the drought treatment at the end of
each episode (Figure 3.1). Branch segments (7.5 cm) were obtained and tested to insure

proper drought stress was reached. Control watered plants were monitored daily and
watered when needed. The plants were usually watered to runoff once daily.
Inoculation techniques: Height and caliper data were initially recorded, prior to

inoculating trees. Height data in cm were collected from soil line to the uppermost tip of
tree canopy. Caliper data were collected in mm at the sixth and eighth branch nodes.
Plants were inoculated based on the procedure recommended by Jean Williams-

Woodward (personal communication). Two-centimeter Leyland cypress stem sections
were collected and autoclaved on two consecutive days. Stem sections were taken from

mature wood and about half the diameter of a pencil (approximately 0.4 cm). They were
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Figure 3.1. Shoot water potential of Leyland cypress trees during the drought episodes
conducted to predispose trees to stress. Water was withheld beginning on 4/24/2001 (A)
and 7/21/2001 (B).
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autoclaved in glass petri dishes covered with aluminum foil. The stem sections were then

placed on PDA+ with a plug of Seiridium unicome or Botryosphaeria dothidea which
was cultured under flourescent lights on a counter top for approximately 10 days. Once

the fungus had colonized the sections, stems of experimental trees were wounded at the
eighth branch node using a wood rasp perpendicular to the stem, removing the outer bark
and injuring the cambial layer. The pre-colonized stem excision was placed against the
wound and covered with moistened sterile cheesecloth and wrapped with aluminum foil

and parafilm. Plants were subsequently monitored throughout an eight-week period for
canker formation and stem discoloration. At the end of the eight weeks, the trees were

harvested. Height and caliper data were collected as described. Length and width of
exterior (surface canker) as well as interior cankers (cambial discoloration) were also
recorded.

The experiments were conducted twice in two separate greenhouses (5/2001 7/2001 and 8/2001 - 10/2001). For both experiments, treatments were arranged on

greenhouse benches in completely randomized design. Experiments were conducted in
two separate greenhouses at different times of the year. Leyland cypress trees used in
experiment 2, which were becoming root restricted, were moved from Classic 300-S
containers to Classic 1000 containers(Nursery Supplies, Inc.; Orange, CA). Data were

analyzed using an ANOVA procedure(SAS Institute; Cary, NC). When significant
differences were found, means were separated using Student-Newman-Keuls test.
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RESULTS

Experimental control trees, which were wounded like inoculated trees, healed
without forming a notable canker in either experiment. Leyland cypress were successfully
inoculated with Seiridium unicome and Botryosphaeria dothidea. Longitudinal sunken
cankers were evident in trees inoculated with S. unicome and many plants showed signs of
dieback and resinosis. The trees inoculated with B. dothidea showed neither the

characteristic sunken cankers, dieback, nor resinosis. Height and caliper were not
significantly different among treatments.

Cambial darkening of interior cankers was observed to be greater for trees
inoculated with the isolates of S. unicome than those colonized with B. dothidea (Figure

3.2). Interior canker width were found to be wider for S. unicome isolates, but these

results were not uniform within both experiments (Figure 3.3). Within each experiment,

exterior canker lengths visible on the stem surface were found to be longer on Seiridium
inoculated trees, compared to Botryosphaeria inoculated trees (Figure 3.4). The first
experiment found that more variation in canker length existed among isolates, but the
second experiment found that canker lengths were more similar among all treatments.
Exterior canker width data were found to be higher for Seiridium isolates compared to
Botryosphaeria isolates (Figure 3.5).

Interior canker length was greater for trees exposed to drought treatments (Figure

3.6). The mean interior canker length was much greater in both experiments for drought
stressed plants compared to those exposed to flooding or control watering tactics.

30

50

OSeirl
IlSei(2

40

□ Seir3
□ Bot1

30

ab

E

■ Bot2

ab

o

bo

20

bo
DC

bo

9

10
be

bo

0

Drought
70
60
50

bo

1

be be

be

it?'9

Flooding

Control

B

□ Seirl
□ Seir2

-

-

bo

□ Seir3

b

O Boti

E

o

40
30
20
10

-

-

■ Bot2

w

S

-

-

C

C

C

c

C

0

Drought

Control

Flooding

Figure 3.2. Mean interior canker length on Leyland cypress in experiment 1 (A) and 2
(B). Canker length was measured eight weeks after inoculation. Means followed by same
letter are not significantly different based on Student Newman Keuls test at « = 0.05.
Abbreviations Seirl, Seir2, and SeirS signify different isolates of Seiridium unicome\ Boti
and Bot2 signify different isolates of Botryosphaeria dothidea used for inoculation.
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Interior and exterior canker width among moisture treatments were found to be wider in
the first experiment, but not in the second. Exterior canker length was different among
all water stress treatments in the second experiment, but not the first experiment.
DISCUSSION

Seiridium and Botryosphaeria are considered opportunistic pathogens (Sinclair et
al., 1987), that cause damage after colonizing trees that have been stressed by either heat,
drought, or cold (Tisserat et al., 1991; Windham et al., 1996). Most commonly disease
outbreaks that are attributed to weak pathogens are aided by water stress (Schoeneweiss,
1981). In these experiments, Seiridium unicome was more virulent than Botryosphaeria

dothidea on Leyland cypress. Seiridium spp. are known to infect and kill the living bark
and cambium of host plants infected. The interior cankers, evidenced by cambial
darkening, occur when infected tissues swell, darken, exude resin, and finally die. As the
lesion extends, the bark dries out and forms a depression or canker. Cankers typically

lengthen faster than they expand transversely (Wagener, 1939). Canker length is thought
to increase with increasing levels of water stress (Schoeneweiss, 1981). Interior cankers
observed were characteristic of S. unicome in inoculated trees. Within each treatment,

interior and exterior canker width and exterior canker length demonstrated greater
variability.

Several differences between the first and the second experiment may explain this

variation. Each experiment was conducted in a different greenhouse, during a different
time of the year. During the first experiment, higher temperatures may have increased
drought stress on trees by increasing water loss through transpiration. During the second
36

experiment, cooler temperatures were maintained using a 30% shade cloth. Trees used in
the second experiment also had to be repotted into larger containers before the
experiment was conducted to limit root constriction. This additional volume of soil in
containers increased the amount of time needed to dry the soil and induce measurable
levels of stress. The additional media around the root ball may have insulated roots from
temperature extremes and desiccation. Because the studies were conducted at different
times of the year, trees responded to inoculations differently. Longer day length in

experiment 2 may be responsible for effecting growth characteristics of Leyland cypress.
Schoenike and Gaffney (1989) previously demonstrated that this does occur.
Prior hypothesis held that B. dothidea causes symptoms on Leyland cypress
similar to those caused by Seiridium spp. These symptoms include bleeding resinosis,
sunken cankers, and branch dieback (Windham et al., 1996). Contrary to this belief, trees
inoculated in this study with B. dothidea did not develop these symptoms. No resinosis
was recorded from cankers and no branch dieback occurred in these treatments. The

disparity is not readily explained. The isolates of B. dothidea used in this experiment may
not respond to Leyland cypress that are predisposed to disease by moisture stress.
Previous research has demonstrated water stress will increase the susceptibility of plants
to B. dothidea (Brooks and Ferrin, 1994). The isolates chosen in this experiment may

not have been as virulent as isolates used in previous studies. The level of stress used in
this experiment may not have been severe enough or sustained for an appropriate length
of time. Finally, this experiment was concluded after an eight week period; if allowed to
continue, additional symptoms might have developed.
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This study constitutes the first evaluation involving predisposition of Leyland

cypress to moisture stress followed by inoculation of S. unicome and B. dothidea.
Drought stress increased Seiridium canker development, compared to flooding stress,
which did not influence canker development. Moisture stress treatments did not affect
variables among Leyland cypress inoculated with B. dothidea. A decrease in

photosynthetic activity and protein synthetic activity could limit the synthesis of
metabolites and enzymes important for disease resistance under drought stress (Boyer,

1995). Cell growth, elongation, and division are all thought to be decreased by water
deficiency stress on plants (Turner and Kramer, 1980). A positive correlation has been
demonstrated between low level of plant hydration and a decreased host wound response
(Purtrich and Mullick, 1975). The predisposition of water stress could cause the plant

response to be slowed. Once inoculated, trees respond to fungal invaders by

compartmentalization. Cell multiplication increases to wall off the advance of the
pathogen (Wagener, 1939). The plants used in this experiment were already weakened
by drought stress, therefore the host response was decreased when the plants were
inoculated.

Recommended control methods for Seiridium canker on Leyland cypress should

involve irrigation on a schedule during periods of drought to avoid exposing plants to
moisture stress. This research suggests that trees exposed to significant drought stress

have increased canker development compared to flooding stressed and control plants.
Future research should include evaluating additional stress factors, other than moisture
stress, that may be related to intensity of canker diseases.
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CHAPTER IV

CONCLUSIONS

Leyland cypress trees are important to the nursery industry in Tennessee. The
recent devastation by canker diseases that has begun to plague the tree may cause the
industry to look for a replacement for Leyland cypress.

Through site evaluation, I determined that Seiridium unicome is the most

prevalent pathogen causing canker disease in Tennessee. Botryosphaeria dothidea is

present throughout the state, but appears to be much less common. Site parameters such
as DBH,aspect of slope, and tree spacing were found to be significantly correlated with
sites where S. unicome was isolated. Soil pH was the only site factor found to be

correlated with B. dothidea. All relationships were weak, therefore further research
should be completed before definite conclusions can be drawn.
Seiridium unicome was found to be more virulent on Leyland cypress when

predisposed to water stress than B. dothidea. Canker formation was greater on trees
inoculated with S. unicome compared to B. dothidea. Trees inoculated with S. unicome

had greater interior and exterior canker development. S. unicome caused visible
resinosis and branch dieback where as B. dothidea did not. Predisposition to moisture

stress effected canker development resulting in drought stressed plants having

significantly longer cankers compared to plants predisposed to flooding or controlled
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conditions. Mean change in height and caliper of inoculated trees was not significantly
different among treatments.

The significance of these findings include recommendations to homeowners and

nursery growers to avoid drought stress on Leyland cypress. An irrigation routine should
be implemented during drought conditions to avoid predisposition of trees to moisture
stress. Canker development on drought stressed trees was significantly greater than

flooding or control plants. Preventing drought stress is a management tactic that should
be implemented into control recommendations for canker diseases caused by Seiridium
spp.
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